P S

W, /;(? A TM ;ﬁéyy'w

Waterials mumz,.w,, Tachnical Filss

NATIONAL ADVISORY COMMITTEE
FOR AERONAUTICS

TECHNICAL MEMORANDUM

No, 1087

RENGTH INVESTIGATICNS IN AIRCREAFT CONSTRUCTION UNDER
REPEATED APPLICATION OF THE LCAD

By E. Gassner

Iuftwissen
Vol, 8, Yo, 2, February 19239
3 » 3

REegprint of A.T.P. Translation No., 1415
Issued by the mlflﬁtr of Aircraft Production,
Londonw En

gland

Washington
August 1948

19961226 085




NATIOWAL ADVISGRY COMMITTEE FOR &ERONAU"ICQ

/
/
v § i
TECHNICAL MEMORANDUM NO, 1087 : - .

e e et e e e S o .

. STRENGTHE INVESTIGATIONS IN AIRCRAFT CONSTRUCTION UNDER
REPEATED APPLICATION OF THE LOAD

By E. Gassner

In the calculation of the dimensions of modern machines
end building constructions, account is taken of the freguency
of the occurrence of the santicipated loads. It is generally
assumed that these lo=ds will be repeated an infinite number,
or at any rate some millions, of times during the total work-
ing life of the construction. When calculating the dimensions
of the struectural parts of aircraft, on the contrary, a2 con-—
sideration only of those freagquencies in the appearance of the
loads which actually come into play in the various states of
stress is allowable. This is because in aircraft construction
it is absolutely essential not only to ensure adequate struc—
tural strength but also to keep down the structural welght
to the lowest possible limit. Strength tests in whieh this
requirement is directly taken into accournt have recently been
carried out by the DVL Material Strength Department.

STRESSES QCCURRING IN FLYING OFERATION

The stresses produced in an aircraft fluctuate in vary—
ing measure, according to the nature and purpose of the ma-—
chine, about a mean load, which corresponds to the air forces
in unaccelerated horizontal flight, hence to the value of the
total loaded weight of the aireraft multiplied by unity.

These load fluctuations or "load multiples" do not succeed
each other in obedience to any definite law, Thev are pro—
duced by gusts of varying strength and direction and a2s the
results of the operation of the controls. Large fluctuations
occur cénsiderably less freguently than smaller ones (more d e—

‘tails may be found in references 1 to n.)

l"Feqtlg“eﬂfsversuche mit wiederholter Bearnsnruchune im
Flugzeuztau " Luftwissen, vol. 6, no, 2, Feb, 1929, pp. £1-64,
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Extensive statistical investigations by the DVL Flight
Mechanics Institute have recently provided reliable numerical
data concerning the frequency of the occurrence of these
stresses. (For details, see reference 5,) Figure 1 shows,
for example, the result of such stress measurements represented
as a "sum curve." The ordinates in the diagram are numbered
according te fractions or multiples of a load amplitude denoted
by "1." The abscissas show how often the individual load
"steps" are exceeded within a prescribed operational time or
flying distance. In order to get an idea of the actuval con—
ditions from the diagram, a scale should be applied to the
ordinates, such that the load step marked "1" gives the load
applied when flying into a gust of 10 meters per second act—
ing perpendicularly to the direction of flight ("gust load" =
additional load due to gust)u The freaquencies plotted in
figure 1 for the occurrence of loads exceeding the individual
load steps then hold roughly for a transport airplane with a
total service life of the order of 3000 hours with a total
flying distance of the order of 1,05 x 106 kilometers at a
spegd.og 350 kilemeters per hour (Buropean Continental air
traffic). .

According to Kaul (reference 5) positive and negative
gusts occur with approximately the same freqguency. The obvious
prrocedure is, therefore, to count one positive and one nega—
tive gust load together as one "load alternation," although
the two states of load certainly do not in reality follow
each other immediately. The sum curve in figure 1, then
gives both the number of the positive or negative gusts and
also the number of the gust load alternations, Here, only
the fluctuations of loads superimposed on the mean load are
counted, and not the smaller fluctu=tions in the nature of
harmonic oscillations otherwise produced.

STRENGTH TESTS AS INTERPRETING FLIGHT STATISTICS

If a strength test on an aireraft component is to be
directly adapted to thke results of flight statistics, the
succession of all high and low stresses occurring in flying
operations, namely, in the most haphazard order,must be im—
posed in this test., An example of the course of z test of
this kind is shown by figure 2. For technical reasons, the
total load range is subdivided into 9 load steps and the
whole series of loads into 12 load cyecles. Each cvele in
the example selected here comprises 0,9 X 10® gust load
alternations (at 350 km/hr this number corresponds to about
250 flying hours). In order to obtain a mixture of high and
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low load steps conforming more or less to service conditions,_
2ll the load steps contained within each cycle were run throucgh
ornce In the descending and once in the ascending direction.

It remains to be seen whether perhaps some other cveclic rance
or some other secuence of the load steps may be more suitable,

Figure 3 shows the synoptic diagram of 2 "streneth test
as interpreting flight statistics" takine as an eramvlie a
perforated duralumin tube (Flieg 3115). The "eum curve of
the test", namelv, the stepped line kz, indicates, by the
widths AH of its steps, the freouencies of the load re—
petitions which were run throusgh altogether in the individual
load steps during a test in accordance with figure 2. Ag mav
be seen, the test was so chosen that its sum curve very close—
ly followed the given "sum curve" of the operation=l loads,
namely, the line k,. (Cf. fig. 1,) To be on the safe side,
the sum curve k; was made to coinecide with the curve. Iy

in the region of the highest load steps, .

. Comp=rative tests showed that the part under test would
have "just" still held out in accordance with the sum curve
kz without failure; that is, on increasing the ordinate
scale, fracture would have appeared alre~dy within the total
specified frequency. It may be regarded as probable,\that
the part under test would also have just still satisfied the
"sum curve k;. The curve k; further drawn in figure 2, isg
thus the sum curve of the operational loads which the part
under test would have satisfied with the reguirement of a
‘standardized factor of safety 1,35 against all load peak
values (peak value = mean load + load amplitude).

It is essential that, in such a "strength test as in-—
terpreting flight statistics," all load steps are applied
repeatedly to one and the same part. In order to show
clearly the difference between tests of this kind and the
usual treatment in strencth tests, a brief survev of dif-—
ferent forms of testing is given below.

OTEER TREATHENTS OF STRENGTH TESTS

Hitherto, the technioue of tects apvlied to saircraft
construction has been limited in the main to the single ap—
plication of load, as is the usual practice in the "static
strength test" in other branches of strensth testing technigue.
In aircraft construction such ststic tests are intended to
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-show whether the specified factors of safety, in partiecular

l1.8(sometimes also of smaller or larger value), as against
the "safe loads" exist. (For details, see reference 6.)

In machine and engine construction, generally, and in build—
ing construction at the present time, strength tests with
repeated application of the load are given preference, whern
the individual part undergoing the test is subjected re—
peatedly to one and the same load amplitude till failure
occurs. The terms "fatigue strength tests" or "endurance"
strength tests are employved according to whether in such

. tests the repetitions of the load applications are of the

order of 10%°, or more, or whether fewer repetitions already
lead to failure. (The results obtained from a number of simi-
lar test parts are represented graphically in the form of
"Wéhler curves".) (Cf., for example, figs. 2 to 7, also
reference 10.) These fatigue and endurance tests will be re—
ferred to as "one step repetition tests."

Neither static tests with a2 sinele applicantion of load
nor one—-step repetition tests provide direct information as
to whether and how long an aircraft part can withstand the
continued applicatior of high and low operational loads,

For example, no rule can bde given as to what number of rep—
etitions of one or more selected load steps must be endured
by the individual part under test, if the whole succession
of load applications is to be covered.

The tests carried out by French (refererce 7) and Muller-
Stock (reference 8) and the studies of Langer (reference 9),
Thum and Bautz (reference 10), Kloth and Stroppel (reference
11), constitute an approach tcward the realization of the
"strength tests as interpreting flight statistics."

French (reference 7) deals with the gquestion as to how
often a load step (step 1) above the fatigue strength can be
withstood without the fatigue strength (step 2) of the part
under test being reduced. The result of "two—step repetition.
tests" carried out for this purpose has been represented by
French in the form of "probable damage lines." 1In these a
fregquency is coordinated with ezch_stress value of step 1,
on exceeding which the (permanent) fatigue gstrength of the
part is reduced. ' ' ' '

In the generalization of this conception, naturally, in
place of fatigue strength (step 2) any other stress value may
be used as the comparison step. The latter nay also be se—
lected higher than step 1. In this sense, Muller-Stock
(reference 8) has carried out two—step repetition tests, which

7
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go beyond those of French, since he not only determines the
frequency of step 1 above, which a reduction of the other—
wis€ tolerable freqguency of a comparison step appears; but

he has at the same time sought to establish how this reduction
depends numerically on the freouency of step 1, In further
tests, Miller—Stock deals also with the gquestion as to the
extent to which the tolerable frequency of a third step is
infivenced by a load that has been previously applied alter—
nately in two steps with certain frequencies.

Direct conclusions cannot be drawn from the experimental
work of French and Muller—Stock, as they stand, with regard
to the problem as it affects aircraft construction, although
certain relations must surely exist between the results of
these two or three step repetition tests and the results of
the tests as interpreting flight statistics. In view of this
possibility, "damage lines" as interpreted by French-were
determined by the Material Strength Section of the DVL for a
number of semifinished aircraft parts. As the results of
these tests will be of general interest, the dam=age lines for
tubes of Cr—Mo steel, duralumin, hydronalium, and electron
are shown in figures 4 to 7. The stress values of these
damage lines differ only from the corresponding values of the
Wohler curve. :

Langer (reference 9) assigns certain assessment coeffi—
clents to the different load steps of a complete secuence of
high and low loads according to the freouency with which they
are attained within the individual load ecvcles. Aeccording to
Lancer, the load—carrying capacity of a struciural part is
exhausted when the sum of all assessment coefficients has
reached a certain value, In this, aceount is taker of the
fact that the very freouent application of loads below the
fatigue strength may, in some circumstances, neutralize the
detriméntal effect of a few applications of loads above the
fatigue strength., No account is taken, on the contrary, of
the probability that the assessment coefficient of each load
applicaticn cycle is greatly influenced by the cveles preced—
ing and following it. The order in which the different load
application cycles alternate will play a particularly impor--
tant part in this connection.

Thum and Bautz (reference 10) seek to interpret a sequence
of high and low loads by tests with repeated stress in one
step only selected out of the whole load cycle, that is, by
one—step repetition tests., Load steps above the one selected
for the test are taken into consideration by increasing the
frequency of the test load step to a valve above that which
it reaches in reality. Such considerations, however, hold
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only for the case where the test lozd step lies above thre
fatigue strength, As in Langer's work, here again the in-—
fluence of all preceding and following load cycles on the
assessment coefficient of each individual load cvcle is
neglected. Thum and Bautz still give no clear rules of any
kind for the execution of the strength tests concerned nor
for the determination of the dimensions of the structural
part, ' » .

Kloth and Stroppel (reference 11) were the first to
utilize the sum curve of the operational stresses for the
agssessment of the strength characteristics of land machine
parts. They came to the conclusion, however, that, in view
of the "interference stresses," the structural parts should
-beé go dimensioned that their fatigue strength lies above all
otherwise "normal operational stresses." (Such a rule for
dimensioning would not be suitable in airplane construction.)

CONCLUDING COMMENTS

{

As opposed to the otherwise usual utilization of strength
tests, the recent tests of the Material Strength Section of
the DVL are characterized by the fact thkat they are directly
adaptatle for the whole sequence of all loads occurring under
operational conditions., Today, the usual methods of faticue
and endurance testing cannot in any way take the place of
tests of this kind, that is, by making one— and two—step
repetition tests. The results of such strength tests will
probably show certain relationships with "Wohler" and "damage"
lines.

The tests now in progress a2t the DVL Material Strength
Section are intended first to provide informatjon on funda—
mental gquestions: for example, on the influence of the order
of seaquence and distribution of the individual load cvcles
within the total cycle, on the influence of pauses of rest,
~and so forth., ©So far as it is possible now to make any
statements, it would appezr as though a secuence of load
application descending in monotone, beginning with the highest
load would be considerably less favorable than, for example,
a sequence as represented in figure 2. If the continuity of
the load sequence is interrupted by relatively long pauses,
it may be expected, according to trial tests carried out with
duralumin (Flieg 3115) with a two—day interruption after each
complete ¢cycle, that there will be a reduction in the total
tolerable frequency.

Translation by M. Flint.
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Figure l.- Example of a sum-curve of the gust loads. (cf. reference 5.)
H, g0 = frequency of occurence of loads exceeding load step .60.
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A_ g0 = load emplitude emounting to load step .60.
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Figure 2.- Course of a strength test pertaining to flight statistics.

s £ adiitional Part under test, tube 50.1 of dural
beps, orgtostione (Fleig 3115) with 5 mm bore in the

25 /g‘m I ‘}\U% highest stressed fibres. dp=46 kg/wam?,
}«:g/mmz1 2 Damaée line/ X . 8. 2734 kg/mm? (permissible minimum value

W 20 iy 42 N1, of material; ¢Rp=40 kg/mme,
@ == | .& 2 B
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Ficure 3.~ Synoptic diagram of a strength test as interpreting flight
statistics.

k] = given sum-curve of the operational loads. (Cf. figure 1.)
ko = sum~curve obtained from the tests.
kz = permissible sum-curve with a factor of safety 1.35.

H g7s — frequency of exceeding step .675 of the gust load in the tests.
AH.675 = frequency of reaching step .675 of the gust load in the tests.
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Figure 4.- Wéhler and demage curves for Figure 5,- Wohler and damage curves for
smooth steel tube 38¢1 under smooth duralumin tube 50-1
alternate bending. under alternate bending.

Material: Cr-Mo-steel (Flieg 1452.9) with Material: Duralumin 681 (Flieg 3115)
¢p=70 to 82 kg/mn® and d p=63 to 76 kg/mme, with 7330 to 43 keg/mme and 6,9=28 to
32 ke

50
1ome 2
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Figure 6.~ Wohler and damage curves for Figure 7.- Wohler and damage curves for
smooth hydronalium tube 50-1 smooth electron tube 501
under alternate bending. under alternate bending,

Material: Hydronalium Hy 9 (Flieg 2315.7) Material: Electron AZM (Flieg 3510.1)
with dg=38 to 39 kg/mm? and ¢ 228 to 30 with dp=29 to 30 kg/mme and d, p=16.5 to
kg/mm2, 17.5 kg/mx2.

Figures 4 to 7.- Woéhler and damage curves for smooth tubes (alternate bending).

@ Wohler test.
Tests for recording the damage line.

Kot yet fractured in the 2nd step
with 2.107 load alternations,

Fractured alresdy in step 2 before
reaching 2.107 load alternations.
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Figure 8.- DVL bending oscillation
test machine for tests with
a large number of load alternations.

The part under test (tube) is sus-
pended from a flexibly nmounted
carrier and is set in oscillation by
a rotating flywheel which is fixed to
the carrier. As the rpm of the fly-
wheel is made by a suitable mechanism
to approximate the natural oscillation
frequency of the part, the oscillation
stresses of the latter can be stepped
up or down arbitrarily. Their value 1s
calculated from the amplitudes of the
part. Constant amplitude values are
obtained with the aid of a Schenck

regulating apparatus.

Figs. 8,9

Mgure 9.- DVL alternating winch for
tests with a small number
of load alternations.

The part under test (tube) is loaded
through a suitable system of levers
in one direction by weighte and in
the other direction by a screw
spindle. The latter is driven by &
reversing motor. On reaching the

upper and lower load limits, the

motion of the spindle is reversed
by means of a contact dynamometer.




